Objective: In this study, we sought to determine whether the proximity of a level 1 trauma center (TC) might affect the performance of a nearby level 2 TC. Background: With the exception of research and teaching programs, level 2 TC must function at a level similar to that of level 1 TC, and provide high quality, definitive care to severely injured patients. However, the role of a level 2 TC within a region might vary significantly depending on the local trauma care environment. We postulated that the case mix, regional role and outcomes of level 2 TC are greatly influenced by the regional presence of a level 1 TC. Methods: Data were derived from the National Trauma Databank (9.0), limiting to adults with Injury Severity Score ≥9. Level 2 TC were classified as either isolated trauma centers (ITC, >30 miles from the closest level 1 TC) or neighbored trauma centers (NTC, ≤30 miles from the closest level 1 TC). Regression was used to calculate risk-adjusted mortality at each center type. Results: Fifty-five thousand six hundred and fifty-five patients were identified at 161 centers; 55% of patients were cared for at ITC (n = 84 centers). Case mix varied significantly across center type; in particular, ITC received significantly more transfer patients than NTC. After adjusting for differences in case mix, patients at ITC had a 12% lower risk of death than patients treated at NTC (0.88, 95% CI 0.78-0.98). Conclusions: Level 2 TC assume different roles depending on the local trauma system configuration. Ideally, a level 2 TC should benefit from the presence of a nearby level 1 TC through collaborations in care protocols and shared case reviews. However, these data suggest the opposite: level 2 centers in proximity to level 1 centers might perform at a lower than expected level. (Ann Surg 2011;253:992-995) 
O rganized trauma systems, which integrate patient care across trauma centers with a range of resources and capabilities, have been shown to decrease injury-related mortality. [1] [2] [3] Within such systems, level 2 trauma centers are expected to provide initial definitive trauma care, regardless of severity of injury, and are equipped to manage the majority of trauma patients. 4 Although the verification criteria for level 1 trauma and level 2 trauma centers are not identical, and centers may differ significantly in a number of respects (including patient volume and resource availability), these 2 types of centers are mandated to provide comprehensive trauma care. 4 There is increasing evidence, however, that the quality of care provided across centers with similar designations is highly variable. [5] [6] [7] Although they are expected to provide virtually equivalent levels of care, variations in performance across level 1 and level 2 centers have From also been identified. [8] [9] [10] [11] Such variations in center performance are poorly understood, and are typically attributed to structures and processes intrinsic to individual institutions, such as patient volume and models of critical care delivery. [12] [13] [14] In an organized trauma system, however, where centers may influence each other's resource availability, processes of care and case mix, center performance may also be related to extrinsic factors, including the characteristics of neighboring centers and the interactions between centers.
Given this possibility, we postulated that the proximity of a level 1 center might affect the performance of a level 2 center. In addition, we hypothesized that case mix and regional role of level 2 trauma centers are affected by their proximity to a level 1 center.
METHODS

Study Design
The primary objective of this study was to examine the performance of level 2 centers as a function of the proximity of the closest level 1 center. With this goal in mind, we performed a retrospective cohort study comparing the performance of level 2 centers within 30 miles of a level 1 center to level 2 centers beyond 30 miles from the closest level 1 center. Approval for this study was obtained from the Research Ethics Board at St Michael's Hospital, Toronto.
Study Centers
Data for this study were derived from the National Trauma Databank (NTDB) version 9.0, with discharge year 2008. We identified all trauma centers with at least 1 adult bed and either American College of Surgeons or state verification and regional level 2 designation. Centers were limited to those contributing AIS scores for at least 90% of patients and reporting at least 1 death. Additionally, centers contributing fewer than 50 patients to the final cohort were excluded to assure robust mortality estimates.
For each identified level 2 center, distance to the closest level 1 center was calculated at NTDB using publicly available on-line software, with straight line distance between institutional ZIP code centroids used as a proxy for geographic distance. These data were then provided to the study team by NTDB in a de-identified manner. Level 2 centers with a distance of ≤30 miles to the closest level 1 center were classified as "neighbored" trauma centers (NTC), whereas level 2 centers with a distance of >30 miles to the nearest level 1 were identified as "isolated" trauma centers (ITC).
Data were collected regarding center funding status, academic status, and size (as measured by number of adult beds). In addition, the number of injured patients meeting study criteria admitted at each center during the study period was recorded.
Study Population
At eligible centers, we identified patients aged ≥ 18 years of age with an Injury Severity Score (ISS) of ≥9. Patients discharged home from the emergency department (ED) were excluded, as outcomes of these patients were unlikely to be affected by trauma center performance. Patients with injuries due to poisoning, suffocation, drowning, overexertion, environmental causes, or burns were excluded. Additionally, patients aged ≥65 with isolated hip fractures were excluded from the analysis, as these injuries are variably captured in trauma center registries. Patients with isolated hip fractures were identified as those having ICD-9 codes corresponding to hip fractures in the absence of other injuries.
Data were collected regarding patient demographics (gender, age, and comorbidities) and injury characteristics, including mechanism of injury, transfer status, motor Glasgow Coma Scale (mGCS) score in the ED, ISS, severe injury (AIS ≥ 3) by body region and shock. Shock was defined as a first systolic blood pressure ≤90 in the ED. Shock status and mGCS score was missing for 3% and 9% of patients, respectively. Missing values were obtained by single imputation.
Trauma Center Performance
We assessed the relationship between treatment at an ITC and in-hospital mortality. To adjust for differences in case mix across centers, a generalized estimating equation was used to estimate riskadjusted mortality at ITC compared with NTC while accounting for patient clustering at the center level. This model incorporated centers' ITC status as the main effect, as well as known confounders of trauma mortality (age, gender, comorbidities, transfer status, mechanism of injury, ISS, severe injury in the head/chest/abdomen, mGCS, and shock), and provides the odds ratio for death among patients treated at ITC compared with those treated at NTC.
Statistical Analysis
Means and standard deviations were calculated for continuous variables and absolute and relative frequencies were measured for discrete variables. Continuous variables were compared using Student's t-test, and proportions were evaluated using the χ 2 or Fisher's exact test, as appropriate. Values of P < 0.05 were considered statistically significant. All data were analyzed using SAS (version 9.1, Cary, NC).
Data Verification
Exploratory analyses indicated that mortality at 1 NTC was dramatically higher than at any other center. In addition, mortality rates across ISS groups in this center were unexpectedly high compared with what has been reported in the literature (ISS 9-15, 27%; ISS 16-25, 37%; ISS 26-47, 55%; ISS 48-75, 50%). 15 A data reporting error at this center was suspected. To ascertain whether this unusually high mortality rate was due to case mix, center performance or reporting error, we examined the center's Observed to Expected (O/E) mortality ratio. A logistic regression model was used to predict the expected number of deaths at each study center. In this model, variables from Tables 1 and 2 were included as covariates. The estimate of expected mortality at each center was subsequently compared with the observed number of deaths at each center. The O/E mortality ratio at the outlier center was 4.86 (90% CI 4.25-5.55). This ratio was 2.6 times higher than that of any other center, and is likely the result of an error in data reporting. This center was excluded from analyses of mortality, as it might artificially increase mortality at NTC, and bias results against NTC. Note that the findings and conclusions were similar, irrespective of whether this marked outlier was included or excluded from the analysis.
RESULTS
Our inclusion criteria identified 161 level 2 centers treating a total of 55,655 patients. Of these centers, 84 were ITC and 77 centers were NTC; 55% of patients (n = 30,724) were managed at ITC. The mean age of the patient cohort was 53 (SD 22), with a mean ISS of 15 (SD 9). Overall mortality was 6% (n = 3463); the unadjusted mortality rate at NTC was 7%, and 6% at ITC. The case mix of patients differed significantly across neighbor status. Patients managed at ITC were significantly more likely to have comorbidities and to have a blunt mechanism of injury ( Table 1) . Although there were statistically significant differences in ISS, mGCS and severe chest injuries across centers, these differences were small ( Table 2) .
Patients managed at ITC were significantly more likely than patients at NTC to have been transferred from another institution (29% at ITC vs. 11% at NTC, P < 0.001). Given this significant finding, we examined the characteristics of transfer patients at ITC compared with patients at NTC to identify whether there were any systematic differences in case mix among transfer patients at the 2 center types ( Table 3 ). Although compared with transfer patients at NTC, transfer patients at ITC were statistically more likely to be younger, to have comorbidities, blunt injuries, injuries causing an ISS ≥ 25, lower mGCS and shock, the 2 groups of transfer patients were similar clinically.
Having identified significant variations in case mix across center type, we then examined risk-adjusted mortality at ITC compared with NTC, accounting for center level clustering. The odds of inhospital death were significantly lower at ITC compared with NTC (OR 0.88, 95% CI 0.78-0.98). When analysis was limited to patients with ISS ≥ 25, the effect was even more pronounced; odds of death at ITC compared with odds of death at NTC were 0.80 (95% CI 0.69-0.92).
We postulated that the observed differences in mortality at ITC compared with NTC might be due to differences in center characteristics across the 2 center types. Although all centers were designated as level 2 centers, we hypothesized that there could be systematic differences between ITC and NTC in patient volumes, academic status or funding source. We therefore examined the 2 groups of centers for differences in these factors (Table 4 ). Comparing ITC and NTC, there was no significant difference in teaching status, funding type or hospital size across groups. In addition, the mean annual number of injured patients meeting study criteria at study centers did not differ across ITC and NTC groups.
DISCUSSION
Patient mortality varies significantly across centers with similar levels of designation. 5, 6 External benchmarking programs, such as the American College of Surgeons Trauma Quality Improvement Program, aim to identify variations in performance across centers, with the goal of facilitating performance improvement by means of knowledge transfer between high and low performing centers. 7 The majority of studies evaluating trauma center performance attribute variations in performance to variations in processes of care across individual centers. 14, 16, 17 However, factors extrinsic to the centers themselves may impact center performance.
Well-organized trauma systems should coordinate care across centers. The interactions between centers in such systems can either be beneficial or detrimental. By coordinating performance improvement initiatives, best practices and transfer protocols, for example, centers can improve their overall quality of care. Conversely, however, centers may impact on each other's case volumes, resources and case mix.
In this study, we postulated that the performance of level 2 trauma centers would be influenced by the geographic proximity of a level 1 center. We demonstrate that the performance of level 2 trauma centers is associated with the presence of a level 1 center within a 30 mile radius. Patients treated at level 2 centers more than 30 miles from the nearest level 1 center had a 12% lower risk-adjusted mortality than patients cared for at a level 2 center with a nearby level 1.
A number of factors may have led to the association between increased mortality at level 2 centers and their proximity to level 1 centers. Geographically isolated level 2 centers are equipped to provide initial care to all injured patients in their region, and are expected to subsequently transfer only the most complex injuries to level 1 centers. In contrast, level 2 centers in close proximity to a level 1 center may not fulfill a similar role to that of a more isolated level 2 center. It is likely that, in regions where a level 1 and level 2 center exist in close proximity, more severely injured patients are preferentially triaged to the level 1 center, and that patients requiring transfer to trauma center care from nondesignated centers are also predominantly sent to level 1 centers. The important regional role of the isolated level 2 center was evident in our study. Isolated level 2 centers received more than twice as many transfers as their neighbored counterparts, and cared for transfer patients with more severe injuries. Although the total volume of patients seen at neighbored and isolated level 2 centers was similar, the difference in regional roles across centers suggests that isolated centers have increased experience with more complex patients, which may contribute to their improved performance. 18, 19 In addition, level 1 centers may have a subtle, but important, impact on human resources of neighboring level 2 centers by drawing those with greatest interest in the care of the injured away from the level 2 center, further affecting their performance.
Although in this study, proximity to a level 1 was associated with a negative effect on level 2 centers, it is clear that this is not universally the case. Case reports demonstrate that a level 1 center working in partnership with a level 2 center can improve care and reduce unnecessary transfer at the level 2 center. 20 In another report, a trauma outreach program at a level 1 center included annual visits to all other trauma centers in the state, with the aim of improving overall care. 21 Although the latter study did not report on changes in patient outcomes over time, it demonstrated the feasibility of such outreach programs, and also demonstrated the financial advantages offered to level 1 centers participating in such a program.
This study has a number of limitations. First, because NTDB does not capture all trauma centers, misclassification of level 2 centers may have occurred. It is possible that centers identified as isolated are within 30 miles of a level 1 center that does not contribute to NTDB. However, in the dataset used in this study, 94% of US level 1 centers are included in NTDB. 15 As a result, the proportion of level 2 centers that were misclassified would likely be very low. In addition, although we compared isolated and neighbored centers for systematic difference in center funding, academic status, size or patient volumes, the 2 center types may have differed significantly in some other factors not captured in NTDB and not related to their proximity to a level 1 center. Although the presence of such additional confounders cannot be assessed using NTDB, we believe this is an unlikely possibility. Finally, our study was unable to capture acute transfer out of level 2 centers. It is possible that centers transferred their most acutely ill patients, thus improving their performance. However, level 2 centers, overall, are unlikely to transfer to higher levels of care, with the exception of select cases requiring specialized surgery (eg, hand reconstruction), as they offer the same level of physical resources as level 1 centers. In addition, neighbored level 2 centers in close proximity to level 1 centers would be more likely to transfer the sickest patients, due to geographic proximity to the receiving center, and yet display a higher adjusted mortality rate than isolated centers.
In conclusion, this study demonstrates that patients managed at isolated level 2 centers have a significantly lower mortality than patients managed at level 2 centers with a level 1 neighbor. We believe that these differences in mortality across center types may be related to the differences in the regional roles of isolated and neighbored level 2 centers. Our findings should not be interpreted to support preferential triage of patients to level 1 centers over level 2 centers. Rather, we believe that our findings support 2 conclusions. First, when evaluating trauma center performance, it is important to consider factors extrinsic to individual centers as possible contributors to low or high performance. With the advent of TQIP, where centers will be receiving individual performance reports, a search for factors contributing to high or low performance should include consideration of a center's interactions with nearby neighbors. Second, acknowledging that neighbored level 2 centers may have their case mix adversely impacted by a level 1 center nearby, our findings suggest that closer cooperation between level 1 and level 2 centers, in the form of outreach programs, shared case reviews or standardized protocols, may lead to overall performance improvement.
